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Derivation for the gradient of J  with respect to NN parameters
In the following, we derive the gradient of stress part of performance funciton J  with respect to NN parameters (see Figure 1 in main text for the NN architecture). In each subnet m (also network for element m), the value of node x in layer l, , is To get the derivatives in Eqs. S10-11, we need to compute the following three terms , and ,. The first term is
updated forwardly from layer to layer using: 
The other two terms and are updated back-propagatedly from layer to layer using: ∂G j,i,m (S17)
DFT calculation setups
All DFT calculations are performed using the periodic plane wave method as implemented in the VASP package 1-2 . The ionic core electrons are described using the projector augmented wave (PAW) pseudopotential 3 , where the semicore electrons are included in the Ti potential (3p 6 3d 2 4s 2 ) .The electron exchange and correlation effects are described by the GGA-PBE functional 4 . For the low accuracy calculations used in SSW sampling to collect raw data set (Scheme 1 in text), the kinetic energy cutoff utilized is 400 eV; the first Brillouin zone is sampled using the Monkhorst−Pack scheme 5 with a (4 × 4 × 4). For the high accuracy calculations used in single-point energy refinement calculations to build the global data set, these two quantities increase to 600 eV and (6 × 6 × 6), respectively.
(1) Kresse, G.; Hafner, J., Physical Review B 1993, 47, 558. (2) Kresse, G.; Furthmüller, J., Computational Materials Science 1996, 6, 15-50. (3) Kresse, G.; Joubert, D., Physical Review B 1999 , 59, 1758 (4) Perdew, J. P.; Burke, K.; Ernzerhof, M., Physical review letters 1996, 77, 3865. Table S1 . Parameters of the radial symmetry functions G 1 (see Eq. 3 in the main text) used to describe the local atomic environment ('Cent ele' in table). R c is the cutoff radius, and 'Neigb ele' is the neighboring element taken into account. Table S4 . Parameters of the radial symmetry functions G 4 (see Eq. 6 in main text) used to describe the local atomic environment. Also see Table S1 caption for explanations.
Parameters of atom-centered symmetry functions for generating TiO 2 NN potential
Cent ele
Neigb ele2
Neigb ele2 Table S7 for the data. Table S8 shows that tthe overall cost of SSW-NN for the global PES search of TiO 2 in 48-atom cell is still roughly four orders of magnitude lower than that of SSW-DFT. T high : time using high precision DFT (Ti PAW potential with 10 electrons (Ti: 3p 6 3d 2 4s 2 ); (666) k-points and 600 eV cutoff); T NN: time using NN calculations that utilizes only one CPU core per run. ‡ S low /S high : The scaling of NN with respect to low/high precision DFT. 
